cause of the persistent exceedance will be identified and its effect on the aquifer remedy design
assessed. Ultimately, the cause needs to be addressed either through a modification of the aquifer
remedy or by other means.

A.4.2.2 Evaluation and Discussion

As reported last year, three possible persistent FRL exceedances were identified in 2016
requiring additional data to be collected through routine monitoring in 2017. The exceedances
were for antimony in well 2636, manganese in well 22203, and zinc in well 3426. The
non-uranium FRL exceedances for 2017 along with the possible persistent exceedances
identified in 2016 are addressed below.

Figure A.4-1 and the shaded portion of Table A.4-1 identify the 2017 non-uranium FRL
exceedances outside the current Operational Design remediation footprint. In 2017, one
constituent—manganese at monitoring well 22204—had an FRL exceedance outside the current
Operational Design remediation footprint.

Table A.4-3 addresses possible persistent FRL exceedances that occur outside the current
Operational Design remediation footprint and includes the exceedance for 2017 listed above, as
well as those still being evaluated or deemed persistent from 2016. If the results of two or more
sampling events immediately following an FRL exceedance indicate that the concentration
decreased below the FRL, then the exceedance is identified as not persistent in Table A.4-3.

As shown in Table A.4-3, the FRL exceedance for manganese at monitoring well 22204 was
identified as being persistent in 2017. Furthermore, the persistent manganese exceedance at
monitoring well 22204 has been identified since 2004.

The following is a summary of results presented in Table A.4-3:

e The antimony FRL exceedance in monitoring well 2636 (detected in the first half of 2016)

was not persistent based on no exceedance in the second half of 2016 and no exceedance
in 2017.

e The persistence of the manganese FRL exceedance at monitoring well 22203 detected in the
second half of 2016 remains unconfirmed. Monitoring well 22203 is an OSDF monitoring
well. Beginning in 2017, manganese was no longer routinely sampled in the OSDF
monitoring wells.

e As stated above, a persistent manganese FRL exceedance remains at monitoring well 22204.
Monitoring well 22204 is included in both the IEMP Property Boundary Monitoring
Program and the OSDF monitoring program. Manganese is monitored as part of the
Property Boundary Monitoring Program but not as part of the OSDF monitoring program,
which is why monitoring well 22204 has 2017 results for manganese, but monitoring
well 22203 does not.

e The zinc FRL exceedance at monitoring well 3426 (detected in the first half of 2016) was
not persistent based on no exceedance in the second half of 2016 and no exceedance
in 2017.

As reported in the 2016 Site Environmental Report (DOE 2017b), several persistent FRL
exceedances for lead, manganese, and zinc were reported at monitoring well 2625 in 2016. As
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reported in the LMICP (DOE 2017a), monitoring well 2625 was targeted for removal from the
program beginning in 2017. The well was located off property and was not installed or owned by
DOE. The well appeared to have been compromised by surface water infiltration and adjacent
construction activities in 2015 and 2016. These occurrences created uncertainty that a sample
from the well would be representative of natural aquifer conditions at that location. Additionally,
low water yield from the well led to very turbid samples. This well was removed from the DOE
monitoring program at the beginning of 2017.

Figures A.4-2 through A.4-11 present individual graphs of time versus concentration for the
wells listed in Table A.4-3. Semiannual sampling results from OSDF monitoring activities are
included in the evaluation of property boundary wells.

The evaluation for persistence of non-uranium FRL exceedances in wells located outside the
current Operational Design remediation footprint in 2017 marks 21 years that an evaluation has
been conducted as part of the IEMP. In the past, many exceedances identified as persistent
became not persistent in later years. The only persistent exceedance outside the remediation
footprint appears to be manganese in monitoring well 22204.

Manganese was a process chemical used in the Former Production Area. The manganese
groundwater FRL is 0.90 mg/L and is based on background values in the aquifer. Additional
manganese data were collected from the GMA near the OSDF in 2008. Results were reported in
the 2008 Site Environmental Report (DOE 2009). The purpose for collecting the additional data
was to determine if manganese exceedances in the GMA near the OSDF indicate the presence of
a localized plume. The additional data collected in 2008 indicated that the manganese
exceedances were likely a background issue. Unconsolidated glaciofluvial aquifers in Ohio have
relatively high manganese concentrations. Manganese is an impurity in shale, which is a major
component of bedrock in the area. The background value upon which the groundwater FRL is
based may not be representative of natural aquifer conditions. In past reports, biofouling has also
been discussed as a possibility for the persistent manganese exceedance that was only seen at one
monitoring well. At this time, no change to the aquifer remedy is planned to address the
persistent manganese exceedance at monitoring well 22204.

A.4.3 Conclusions

From the information provided in this attachment, the following conclusions can be made:

e Non-uranium FRL exceedances that are occurring in the former WSA were taken into
consideration for the current Operational Design and are within capture of the groundwater
remediation system.

e A persistent non-uranium FRL exceedance outside the current Operational Design
remediation footprint was identified in 2017: manganese at monitoring well 22204. The
exceedance for manganese is attributed to a background definition issue. A change in the
design of the aquifer remedy to address the manganese exceedance is not being considered
at this time.
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Table A.4-1. Summary Statistics and Trend Analysis for Non-Uranium Constituents with 2017 Results Above FRLs

g 93e( ‘4'V JuSUIORNY

110doYy [BIUSWIUOIIAUS] OUS [ [(7 SAIISIIJ P[RUID,]

Manganese
(0.90 mgiL) 2010 33 23 1 0.0886 6.74 2.03 1.82 Down
22204 54 49 1 0.418 3.01 1.36 0.45 No Trend

'(\gf’%bi‘;r/‘f)m 2649 35 35 2 0.178 1.26 0.491 0.238 No Trend

Nitrate + Nitrite as

Nitrogen (11 mg/L)" 555 45 27 2 1.38 120 272 28.6 Up
83338 _C1 18 13 2 0.404 73.8 38.4 243 No Trend
83338_C2 23 13 1 1.98 109 21.0 23.7 No Trend
83340_C1 19 13 1 3.09 58.2 20.8 16.3 Down
83340_C2 22 21 2 2.93 86.7 42.1 26.2 Down
83340_C3 22 19 2 113 133 415 371 Down
83341_C1 9 5 1 0.265 26.2 9.58 7.96 No Trend

Technetium-99 (pCilL) (pCilL) (pCilL) (pCilL)

(94 pCilL) 2649 43 43 2 101 1660 544 446 Down
83338 _C1 18 13 2 10.1 321 189 122 Up
83340_C1 19 19 2 115 817 242 161 Down

(Tgfghﬁg']‘/’sthe”e 2649 35 22 1 0.125 120 29.9 326 Down

AS1oug yo yuoumredoq ‘SN

810T AeN

Notes: Shading indicates well is outside the current Operational Design remediation footprint.

pCi/L = picocuries per liter

@ From Record of Decision for Remedial Actions at Operable Unit 5 (DOE 1996), Table 9-4.

® Based on samples from August 1997 through 2017.

° If more than one sample is collected per well per day (e.g., duplicate), then only one sample is counted for the total number of samples, and the sample with the maximum representative
concentration is used for determining the summary statistics (minimum, maximum, average, and standard deviation) and Mann-Kendall test for trend.

d Rejected data qualified with an R were not included in the count, the summary statistics, or Mann-Kendall test for trend.

° If the number of samples is greater than or equal to four, then the Mann-Kendall test for trend and all of the summary statistics are reported. If the total number of samples is equal to
three, then the minimum, maximum, and average are reported. If the total number of samples is equal to two, then the minimum and maximum are reported. If the total number of samples
is equal to one, then the data point is reported as the minimum.

" For results where the concentrations are below the detection limit, the results used in the summary statistics and Mann-Kendall test for trend are each set at half the detection limit.

9 Mann-Kendall test for trend is performed with a 95% confidence interval, using data from third quarter 1998 through 2017.

" FRL based upon nitrate from Record of Decision for Remedial Actions at Operable Unit 5 (DOE 1996), Table 9—4.



Table A.4-2. Groundwater FRL Exceedances from 1997 Through 2017

Constituent Wel? Aquifer Project’ 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016° | 2017°
Zone 22 11 2f1 2|1 201 211 201 2f1 2|1 21 2|1 21 2|1 2|1 2]1 2|1 2|1 21 2|1 2|1 2|1 2
Antimony
22198 0 P/PB 111
22199 0 P/PB 1
22204 0 P/PB 1
22205 0 P/PB 1
22208 0 P/PB 1 1
2398 2 P/PB 1
2431 0 P/PB 1 1
2432 0 P/PB 1 1
2636 4 PRRS 1 1 1 1 1 1
2733 0 P/PB 1
3070 2 P/PB 1 1
31217 0 P/PB 1
3398 2 P/PB 1
3424 0 P/PB 1 1
3426 0 P/PB 1
3431 0 P/PB 1
3432 0 P/PB 1 1
4398 2 P/PB 1 1
Arsenic
2636 4 PRRS 1 |1 2 1 1 1
2898 4 PRRS 1
2900 4 PRRS
Boron
2045 2 SF 1 1)1
2049 2 SF 2 212 2|2 1 1
Carbon disulfide
2649 1 WSA 1
3821 1 WSA 1 1
Fluoride
2431 0 P/PB 1
Lead
22198 0 P/PB 1
2431 0 P/PB 1
3733 0 P/PB 1 1
Manganese
2010 1 WSA 1 1 1111 1 1711 111 1)1 1 1 1111 112 1|1 1
22198 0 P/PB 1
22203 0 P/PB 1
22204 0 P/PB 1 111 1)1 1]1 1|1 1]2 2|2 1|1 2|2 2|2 2|2 2|2 2|2 2|1
22205 0 P/PB 1
22214 0 P/PB 1
2431 0 P/PB 2
2432 0 P/PB 1 2|1 1
2648 1 WSA 1 1 111 1 1 111 1
2733 0 P/PB 1
3093 4 P/PB 1
3821 1 WSA 111 1 17 11 11 111 1T 111 111 1)1 1]1 11 1
83337_C1 1 WSA 11
83337_C2 1 WSA 1
83337_C3 1 WSA 1 1
83338_C2 1 WSA 1 1 1 1
83339_C1 1 WSA 1 11
83339_C2 1 WSA 1
83339_C3 1 WSA 1 1
83341_C1 1 WSA 1 11 1
83341 _C2 1 WSA 11 1 1 1
83346_C1 1 WSA 1 1111
83346_C2 1 WSA 11 111
Molybdenum
2649 1 WSA 1 11 111 |1 |1 1 11 141 141 |1 J1 141 141 141 141 1412 1901 1911 1]1 1]1 1
Nickel
22198 0 P/PB 1
2398 2 P/PB 112 2
4398 2 P/PB 1
83346_C1 1 WSA 1
83346_C2 1 WSA 111
Nitrate/Nitrite
2648 1 WSA 1 111 1 111 1 1
2649 1 WSA 111 111 111 112 212 1]1 1|1 1 111 1 11 1 1 1
2821 1 WSA 1 1 1 11011 111 11 191 111 111 112 111 1]1 1 111 1
3821 1 WSA 1 1 1 1111 111 1
83338_C1 1 WSA 1 1 11 1 1T 111 111 111 1
83338_C2 1 WSA 1 111 1|1 1111 1|1 1 1 1
83338_C3 1 WSA 1 1111 1|1 1 1
83340_C1 1 WSA 1 1111 1 1111 111 11 1
83340_C2 1 WSA 1T 111 111 11 11 141 111 111 111 1 111 1
83340_C3 1 WSA 1111 111 111 111 1 111 111 1]1 111 1
83341_C1 1 WSA 1 1 111 1
83341_C2 1 WSA 1 1 1 1
83341 _C3 1 WSA 1 1 1
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Table A.4-2. (continued). Groundwater FRL Exceedances from 1997 Through 2017

Constituent Well Aquifer Project’ 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016° | 2017°
Zone 22 11 21 2]1 291 2)1 21 21 2|1 231 2|1 291 2]1 291 2]1 21 211 21 21 2|1 21 2
Technetium-99
2648 1 WSA 1 2 1
2649 1 WSA 111 1)1 111 112 212 111 1|1 11 1 1T 111 11 11 11 112 1)1 141 111 141 1
2821 1 WSA 1 111 1|1 11 11 11 11 1|1 1]1 1 111 112 1
83338_C1 1 WSA 1 1 11 1 1T 111 111 111 1
83338_C2 1 WSA 1 111 111 111 111 1|1 1
83338_C3 1 WSA 1 1111 11 111 1
83340_C1 1 WSA 1 11111 |1 |1 111 111 111 111 111 111 1
83340_C2 1 WSA 1111 111 1
83340_C3 1 WSA 1 1)1 1)1 1 1 1
Trichloroethene
2649 1 WSA 1 111 1 1 1111 111 11 1 111 1111 111 1 1
2821 1 WSA 1 1] 191 141 141 111 12
Zinc
22198 0 P/PB 1
22199 0 P/PB 1
22204 0 P/PB 1 1 1
22210 0 P/PB 1 1 1
2398 2 P/PB 1
2431 0 P/PB 2
2432 0 P/PB 1 11
2625 4 PRRS 11 1 111 1 1|1 111 1
2636 4 PRRS 11
2733 0 P/PB 1 1
2900 4 PRRS 1 1 1
3128 4 PRRS 1
3426 0 P/PB 11 1
3429 0 P/PB
3431 0 P/PB 1
3733 0 P/PB 1
3899 4 PRRS 1
Note: Shading indicates well is outside the current Operational Design remediation footprint.
#A "1" denotes an exceedance for the time period; a "2" denotes two exceedances during the time period due to quarterly sampling frequency or multiple sampling projects.
"WSA = Waste Storage Area
SF = South Field
P/PB = Property/Plume Boundary for FRL Exceedances
PRRS = Property/Plume Boundary for Paddys Run Road Site
°Sampling for the IEMP was initiated in August 1997.
4 Prior to 2017, P/PB included OSDF monitoring results for some constituents.
°Beginning in 2017, monitoring frequency for P/PB and PRRS projects changed from semi-annual to annual.
Fernald Preserve 2017 Site Environmental Report U.S. Department of Energy
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Table A.4-3. Summary of Persistence Evaluation of Non-Uranium FRL Exceedances

Outside the Current Operational Design Remediation Footprint

Monitoring 2017 FRL Figure
Constituent |Monitoring Well Program Pertinent 2016 Results Exceedance [Evaluation Results for 2017 Number
Antimony 2636 PRRS Additional routine data required No Not Persistent A.4-2
22203 OSDF Additional routine data required NA No longer sampled at this A4-3
location
Manganese

22204 PPB and OSDF Persistent Yes Persistent A.4-4

Zinc 3426 PPB Additional routine data required No Not Persistent A.4-5

Abbreviations:

FRL = Final Remediation Level
NA = Not Applicable

OSDF = On-Site Disposal Facility
PPB = Property Plume Boundary
PRRS = Paddys Run Road Site
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CAWWT
CUSUM
DOE

EPA
GMA
GWLMP
HTW
LCS

LDS
LMICP
OAC
Ohio EPA
OSDF
OUS RI/FS
SCL

ft
gpad

Abbreviations

Converted Advanced Wastewater Treatment (facility)
Shewhart-cumulative sum

U.S. Department of Energy

U.S. Environmental Protection Agency

Great Miami Aquifer

Groundwater/Leak Detection and Leachate Monitoring Plan
horizontal till well

leachate collection system

leak detection system

Legacy Management and Institutional Controls Plan
Ohio Administrative Code

Ohio Environmental Protection Agency

On-Site Disposal Facility

Operable Unit 5 Remedial Investigation/Feasibility Study

Shewhart control limit

Measurement Abbreviations

feet
gallons per acre per day [(gallons/day)/acre]
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A.5.0 On-Site Disposal Facility Monitoring Results

This attachment provides results for the On-Site Disposal Facility (OSDF) leak detection and
leachate monitoring program for 2017. Monitoring and sampling were conducted in accordance
with the Comprehensive Legacy Management and Institutional Controls Plan, Attachment C,
“Groundwater/Leak Detection and Leachate Monitoring Plan” (GWLMP) (DOE 2018). The
objective of the GWLMP is to meet regulatory requirements for groundwater detection
monitoring in the Great Miami Aquifer (GMA) and perched groundwater system and to provide
leachate monitoring information.

Facility Description

The OSDF is situated in the northeast area of the Fernald Preserve. It has a capacity of

2.96 million cubic yards and a maximum height of approximately 65 feet (ft). A security fence
surrounds the OSDF and defines a footprint that occupies approximately 98 acres. The facility
consists of eight individual cells. All eight cells were completely full and capped by

October 2006.

Protection of the GMA and the overlying perched groundwater system includes the following
measures for each of the eight cells (refer to Figure A.5-1 for a cross section of the liner system):

e  Multilayer composite cap system
e Leachate collection system (LCS)
e Leak detection system (LDS)

e Multilayer composite liner system

The LCS consists of a gravel layer installed beneath the encapsulated waste to collect rainwater
that came in contact with the waste during cell construction and additional moisture that is
draining from the waste following capping. The LDS is located beneath both the LCS and the
primary geosynthetic liner system and provides a mechanism for collecting and monitoring
leakage through the primary liner layer of the OSDF prior to any releases to the environment.
Both systems drain to the west and extend beyond the synthetic liner systems into valve houses,
where leachate is collected in tanks for sampling.

The base of each cell liner also slopes toward the centerline of the cell, and the centerline of the
base is sloped toward the west. Leachate moving along the top of a liner would first travel
toward the centerline and then west along the centerline to be drained from the cell via piping at
the penetration box, which is the lowest elevation point of the cell.

Each cell is monitored below the penetration box with a horizontal till well (HTW), which
represents the first monitoring point for a potential release from a cell. HTWs provide
monitoring of the perched groundwater quality beneath the point where the LCS and LDS pipes
exit the liner system. The GMA is monitored via both an upgradient and a downgradient
monitoring well for each cell. Figure A.5-2 identifies the well locations associated with the
OSDF. Table A.5-1 identifies specific dates for the following cell activities:

e  Sample initiation for each monitoring horizon

e  Waste placement initiation
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e LDS volume measurement initiation
e Cap geomembrane layer completion

e Cap completion (through seeding)

A construction quality assurance and quality control program was executed for each cell of the
OSDF. The synthetic liners and caps of each cell were inspected and tested for defects at the time
of installation. Given the attention to quality assurance and quality control during the installation
of the OSDF liner system, it is doubtful that a breach in the liner would have gone unnoticed, but
it is possible that a breach could develop. Such a breach would provide a potential pathway for
leachate migration, but adequate hydraulic head is needed to drive leachate through the breach
and clay liner into the underlying horizon.

The GWLMP summarizes the principal geologic, hydrogeologic, and subsurface contaminant
conditions in the OSDF area that had a direct bearing on the development of the monitoring
program for the OSDF facility. As discussed in the GWLMP, the conceptual flow path/migration
pathway for a leak from the facility involves understanding:

e How each cell was constructed and how a cell transmits leachate from the facility.

e The impact of hydraulic head within the facility in the LDS and the design action
leakage rate.

e Nature, thickness, and hydraulic conductivity of glacial clay beneath the facility.

e Residual soil contamination beneath the facility and its possible impact to HTW water
quality results.

e Groundwater model evaluations of transport times and modeled flow paths for use in placing
monitoring wells for the monitoring network in the GMA.

e Modeled breakthrough travel times through the glacial clay for uranium (the main
contaminant of concern) and for technetium-99 (the most mobile contaminant).

Information Organization

The 2017 OSDF leak detection and leachate monitoring information is organized into the
following sections:

e Flow and Hydraulic Performance (Section A.5.1)
e  Water Quality: Data Presentations and Evaluations (Section A.5.2)
e Cell Cap Inspections (Section A.5.3)

e Summary of Overall Performance and Findings and Recommendations (Section A.5.4)

Subattachments A.5.1 through A.5.8 provide cell-specific information for Cells 1 through 8.
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A.5.1 Flow and Hydraulic Performance
A.5.1.1 Overall LCS Volumes

Capacitance probes are used to measure water levels in each LCS tank. The water levels in the
tanks are communicated to the Converted Advanced Wastewater Treatment (CAWWT) facility
via radio signal. When the water level in the tank reaches 1.86 ft, the tank is approximately 80%
full, and the pump automatically starts to pump water from the tank to the leachate lift station.
The water in the lift station is pumped to the CAWWT facility backwash basin. To determine the
volume of leachate pumped, the change in water level after pumping is converted to gallons
using an equation from the tank manufacturer. If communication to the CAWWT facility is not
functioning, tanks are pumped manually when tanks are between 40% and 80% full of water. In
this case, volumes pumped are recorded manually on the leachate round sheet.

Leachate volumes have been measured since waste placement began. Figure A.5-3 is a graph
showing monthly leachate volumes from October 2006 through December 2017. Figure A.5-4 is
a graph that shows the annual leachate volume from 2007 through 2017. Due to a planned
shutdown for the CAWWT construction discussed in Attachment A.1, valves in the leachate
lines of the OSDF were closed from September 20 through December 31, 2017. Contingencies
for closing the valves are provided in the Groundwater Leak Detection and Leachate Monitoring
Plan, Attachment C of the 2017 Legacy Management and Institutional Control Plan (LMICP
[DOE 2017a]). As discussed in the LMICP, 156 days is the minimum amount of days required to
accumulate 1 ft of head on the primary liner. The time that the valves were closed in 2017 was
103 days.

The OSDF valves remained closed for a 136-day period and were reopened over 5 days
beginning on February 2, 2018, to drain leachate from the facility before 1 foot of head had
accumulated on the liner of the cell. The valves in Cells 2, 3, 4, and 5 were re-opened on
February 2, 2018; the valve in Cell 1 was re-opened on February 5, 2018; and the valves in
Cells 6, 7, and 8 were re-opened on February 6, 2018.

Because of the CAWWT facility construction, leachate volumes reported for 2017 only reflect
262 days (January 1, 2017, through September 19, 2017) during which time a total of

93,316 gallons of leachate were collected and pumped to the CAWWT backwash basin for
subsequent treatment at the CAWWT. This recorded volume is 23% lower than the volume
measured in 2016 (120,837 gallons); but it does not represent the entire year. Had the valves
been open all year, the decrease would not have been this much.

In order to predict a more realistic volume that might have been removed in 2017 had the valves
not been closed, the power equation reported on Figure A.5-4 in the 2016 Site Environmental
Report (DOE 2017b) was used:

y=1337,225x "4
This calculation indicates that had the valves been open for 365 days for 2017, approximately

116,600 gallons of leachate would have been generated in 2017. This calculated value equates to
a decrease of 3.5% from 2016 volumes.

U.S. Department of Energy Fernald Preserve 2017 Site Environmental Report
May 2018 Doc. No. S17983
Attachment A.5, Page 3



With valves also closed during portions of 2018 to facilitate CAWWT construction, this
approach to predicting a volume from the 2016 regression curve formula will need to be used
again in 2018. The year 2019 will be the next year that an entire years’ worth of volume data
may be collected and actual annual values can be used to adjust the regression formula for long
term trend predictions.

The volume of precipitation that fell on the OSDF in 2017 from January through August, the last
complete month leachate was collected, was approximately 46.7 million gallons (31.81 inches
over 54.1 acres). The facility cap was designed to inhibit water from infiltrating into the OSDF.
Leachate collected January through August 2017 (87,340 gallons) represents approximately
0.20% of the 46.7 million gallons. August is the last full month of data available prior to closing
the valves on September 19, 2017, to support CAWWT construction. This value indicates that
from January through August, when values are available for the comparison, the cap was
performing as designed to reduce infiltration.

The GWLMP identifies that trend analysis of the LCS flow-monitoring measurements will
be conducted for capped cells to provide an indication of changes in system performance.
Monthly accumulation volumes for Cells 1 through 8 are plotted and provided in
Subattachments A.5.1 through A.5.8. The semilog plots indicate that leachate volumes from
the capped cells continue to decline over time, but the rate of decline is decreasing.

A.5.1.2 LDS Accumulation Rates and Volumes

Quantitative measurement of the volumes accumulating in and pumped from the LDS tanks was
initiated according to the various dates in Table A.5-1. These measurements were taken using the
same methodology as described above for the LCS. These data are used to determine both
accumulation rates (in gallons per acre per day [gpad]) and accumulation volumes (in gallons)
for each cell’s LDS.

The GWLMP states that trend analysis of the LDS flow monitoring measurements will be
conducted for capped cells to provide an indication of changes in system performance. Monthly
accumulation volumes for Cells 1 through 8 are provided and graphically displayed in
Subattachments A.5.1 through A.5.8. The graphs indicate that LDS flows continue to decline.

Capacitance probe readings indicated that LDS tanks 2, 3, and 5 were dry during 2017. The
capacitance probes can measure within hundredths of a foot of water in the bottom of the tank.
Although water may register via the probes, there may not be enough water present to physically
obtain a sample. This was the case in 2017 for the LDS in Cells 1 and 7. Because the water
volume was insufficient for sampling, the LDSs in Cells 1, 2, 3, 5, and 7 were considered to be
dry all year.

The On-site Disposal Facility Final Design Calculation Package (DOE 1997) defines an initial
response leakage rate for individual cells of 200 gpad. As a best management practice, DOE
imposed two lower leakage rates:

1. Initial Response Leakage Rate of 20 gpad
2. Low-Flow Response Leakage Rate of 2 gpad.
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The 2017 maximum LDS accumulation rates, the percent of the initial response leakage rate, and
the percent of the low-flow response leakage rate for each cell are as follows:

2017 Maximum LDS Accumulation Percent of Initial Percent of Low
Rate Capacitance Probe Response Leakage Flow Response
Cell Measurements (gpad) Rate Leakage Rate

1 0.02 0.1 1.0
2 0.00 0.0 0.0
3 0.00 0.0 0.0
4 0.03 0.15 1.5
5 0.00 0.0 0.0
6 0.05 0.25 2.5
7 0.01 0.05 0.5
8 0.01 0.05 0.5

These LDS accumulation rates indicate that the liner systems for the cells are performing well
and within the specifications outlined in the approved OSDF design. The initial response leakage
rate of 20 gpad and the low-flow response leakage rate of 2 gpad are administrative criteria for
commencing an investigation into the possibility that the cell is not performing as designed.
They are one-tenth and one-hundredth of the design criterion of 200 gpad, respectively. Because
all of the cells are closed and capped, it is expected that LDS accumulation rates will continue to
diminish over time. Rates will continue to be closely tracked to document that the primary liner
systems continue to perform as designed.

A.5.1.3 Liner Efficiencies
Cell-specific apparent liner hydraulic efficiencies are calculated using the following equation:
Hydraulic efficiency = [1 — (Volumey ps/Volumey cs)] x 100

Apparent liner hydraulic efficiency is a measure of how a cell’s liner is performing. The above
equation considers al/l the LDS volume to be leakage through the primary liner, which

is a conservative measure. In the Report on the 1995 Workshop on Geosynthetic Clay Liners
(EPA 1996), several sources of flow from leak detection layers are identified. These

sources include:

e Top liner leakage
o Construction water and compression water
o Consolidation water

e Water from groundwater infiltration

Quarterly apparent liner efficiencies were consistently greater than 99% for Cells 1 through 8 for
the first three quarters of 2017. Quarterly apparent liner efficiencies (in percent) are

provided below. Due to a planned shutdown for CAWWT construction, valves in the leachate
lines in the OSDF were closed during all of the fourth quarter of 2017 until February 2, 2018.
Contingencies for shutting the valves are provided in the Groundwater/Leak Detection and
Leachate Monitoring Plan (Attachment C of the LMICP [DOE 2018]). As reported in the
LMICP, 156 days is the minimum amount of days required to accumulate 1 ft of head on the
primary liner. The time that the valves were closed in 2017 until February 2, 2018, was below
the 156-day limit.
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Apparent Liner Efficiency (Percent), Quarterly for 2017

Quarter Cell 1 Cell 2 Cell 3 Cell 4 Cell 5 Cell 6 Cell 7 Cell 8
First 100.00 100.00 100.00 99.79 100.00 99.59 99.90 99.97
Second 99.84 99.98 99.98 99.88 99.95 99.56 100.00 99.94
Third 99.98 100.00 100.00 100.00 100.00 99.76 100.00 99.92
Fourth ND ND ND ND ND ND ND ND

ND = not determined

A.5.1.4 HTW Water Yields

HTW water yields are monitored at each cell to document trends in perched-water purge
volumes. In 2017, the HTWs were purged twice (April and September). Average purge water
yields from the HTWs ranged from 0 gallons beneath Cell 8 to 1,050 gallons beneath Cell 5. The
HTW water yields will continue to be tracked and factored into the OSDF leak detection
evaluation, where appropriate. The water-yield graphs are provided in each cell’s subattachment
and are updated with purge volume data collected prior to each sampling event.

A.5.2 Water Quality: Data Presentations and Evaluations
The water quality and data presentations and evaluations presented in this report consist of
the following:
e Semiannual Monitoring Summary Statistics (Section A.5.2.1)
e  Concentration Plots (Section A.5.2.2)
— LCS, LDS, and HTW of each cell
— HTW and GMA wells of each cell
e  Control Charts (Section A.5.2.3)
e Bivariate Plots (Section A.5.2.4)
e Upward Concentration Trends in the HTW and GMA Wells (Section A.5.2.5)

A.5.2.1 Semiannual Monitoring Summary Statistics

Water quality within each cell is sampled in the LCS and LDS. Water quality beneath each cell is
sampled in the HTW and GMA wells. Concentrations-versus-time plots, bivariate plots, and
control charts are used to help interpret and present results. Until 2014, quarterly water quality
monitoring occurred in the LCS, LDS, HTW, and GMA wells of each cell. With

U.S. Environmental Protection Agency (EPA) and Ohio Environmental Protection Agency

(Ohio EPA) concurrence, monitoring changed from a quarterly sampling frequency to a
semiannual sampling frequency at the start of 2014.

With EPA and Ohio EPA concurrence, DOE reduced the number of parameters sampled from
24 to 13 beginning in January 2017 (total uranium, boron, sodium, sulfate, calcium, lithium,
magnesium, nitrate + nitrite as nitrogen, potassium, selenium, technetium-99, total dissolved
solids, and total organic halogens ). All 13 parameters are sampled in the GMA wells; 4 of the
13 parameters (total uranium, boron, sodium, and sulfate) are sampled in the LCS, LDS, and
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HTW for each cell. The annual sampling in the LCS of each cell for the abbreviated list of
Appendix I parameters and polychlorinated biphenyls listed in Ohio Administrative Code
3745-27-10 was eliminated beginning in January 2017.

Summary statistics for all of the parameters monitored semiannually are provided in
Subattachments A.5.1 through A.5.8 (Tables A.5.1-1 through A.5.8-1). The information
provided in each summary table is based on a standardized quarterly sampling frequency.
Baseline data are included in the summary statistics. A discussion of data collected for the OSDF
is provided in the Groundwater Leak Detection and Leachate Monitoring Plan (Attachment C of
the LMICP).

The summary statistics process used is illustrated in Figure A.5-5. Table A.5-2 lists the rules that
are used to report the data provided in Tables A.5.1-1 through A.5.8-1 in each subattachment.
For analytical results below the detection limit, one-half the detection limit was used in
calculations of the average, standard deviation, distribution, trend, serial correlation, and outliers.
One objective in conducting the summary statistics is to identify the parameters that meet the
requirements for control charts (i.e., greater than eight samples, normal or lognormal
distribution, no trend, and no serial correlation).

Data used in the summary statistics were “quarterized” (i.e., normalized to quarterly data). The
rationale behind this is that during different time periods, data were collected at varying time
intervals. For example, from October 30, 1997, through December 8, 1997, 15 samples were
collected for total uranium from HTW 12338. In all of 1998, only four were collected; in 1999
there were seven; in 2000 there were six; and four each were collected in 2001 through 2003. To
summarize, in a 5- to 6-week period in 1997, nearly as much data were collected as were
collected from 1998 to 2000. Without normalizing the data, the time periods with more sampling
activity would carry more weight and, therefore, with respect to the calculations, be considered
more important. Additionally, sampling the same well at too short of an interval (often just one
day apart in 1997) also violated the statistical assumption of independence. Well data that are
collected too closely in time are serially correlated and can distort the statistics underlying the
control charts. Even with quarterly sampling, there is often an issue with serial correlation.

Statistical calculations were conducted using the ChemStat, Version 6.3, (a Starpoint Software
program) ChemStat software is used to perform the statistical analysis of groundwater
monitoring data at Resource Conservation and Recovery Act facilities. The website for the
software 1s www.pointstar.com.

Data set distributions were checked using the Shapiro Wilk Test (95% confidence interval) for
data sets with fewer than 50 samples and the Shapiro-Francia Test (95% confidence interval) for
data sets with 50 samples or more. The Mann-Kendall test for trend (95% confidence interval)
was used to determine the presence of either an upward or downward concentration trend over
time. The rank Von Neumann test (confidence interval of 99%) was used to check for serial
correlation.

As discussed in the Fernald Preserve 2015 Site Environmental Report (DOE 2016), low flow
rates, coupled with LDS collection tanks that are open to the atmosphere, can bias analytical
results high for some constituents and low for others. Because of the low flow conditions, it is
uncertain if an LDS sample collected from a valve house tank truly represents the composition of
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an LDS sample from within the facility. Collecting water quality samples from the LDS and
using the data to statistically demonstrate that the facility is operating as designed does not
appear be the best approach for complying with Ohio Solid Waste Regulations

(OAC 3745-27-19(M)(5)) for the OSDF. As stated in the LMICP, Groundwater/Leak Detection
and Leachate Detection Monitoring Plan (DOE 2018), monitoring accumulation rates from the
LDS against established design and agreed-to administrative action rates is a much better
approach.

A.5.2.2 Concentration Plots

Concentration plots for the parameters monitored semiannually in 2017 are presented in
Subattachments A.5.1 through A.5.8. The plots are presented with a common y scale based on
the parameter. Outliers identified in Subattachments A.5.1 through A.5.8 in Tables A.5.1-1
through A.5.8-1 are not plotted on the concentration plots.

A.5.2.3 Control Charts

Intrawell control charts employ historical measurements from a compliance point as background.
The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities—Unified Guidance
(EPA 2009) defines the process of creating a Shewhart-cumulative sum (CUSUM) control chart
works as follows. Appropriate background data are used to define a baseline for the well. The
baseline parameters for the chart, estimates of the mean, and standard deviation are obtained
from the background data. These baseline measurements characterize the expected background
concentrations at the monitoring point. As future concentrations are measured, the baseline
parameters are used to standardize the newly gathered data. After these measurements are
standardized and plotted, a control chart is declared “out of control” if future concentrations
exceed the baseline control limit. This is indicated on the control chart when either the Shewhart
or CUSUM plot traces begin to exceed a control limit. The limit is based on the rationale that if
the monitoring point remains unchanged from the baseline condition, new standardized
observations should not deviate substantially from the baseline mean. If a change occurs, the
standardized values will deviate significantly from the baseline and tend to exceed the

control limit.

A minimum of eight samples are recommended for use in ChemStat software to define the
baseline for a control chart. Therefore, only sample sets with at least eight samples were selected
for control charts. By default, the ChemStat software plots both a CUSUM control limit (/) and a
Shewhart control limit (SCL) on the control chart. The software recommends a value of 5 for the
CUSUM control limit and a value of 4.5 for the SCL.

EPA Statistical Analysis Unified Guidance (EPA 2009) suggests that to simplify the
interpretation of the control chart, an out-of-control condition should be based on the CUSUM
() limit alone. Plotting the SCL is not needed. However, the ChemStat software, by default,
plots both the SCL and CUSUM control limit (/) on the charts. To address this issue, the SCL
was defined as 5 to equal the recommended CUSUM control limit (/). This combined limit is
identified as ACL on the control charts. For interpretation purposes, the #CL will be regarded as
the CUSUM control limit (4).
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Forty-one Shewhart-CUSUM control charts were prepared in 2017 and are presented in
Subattachments A.5.1 through A.5.8 for parameters monitored semiannually in the HTW and
GMA wells in 2017 that had data sets that achieved control chart criteria (i.e., more than eight
samples, normal or lognormal distribution, no trend, and no serial correlation). In 2012,

78 control charts were prepared, in 2013, 127 control charts were prepared, in 2014, 121 control
charts were prepared, in 2015, 102 control charts were prepared, and in 2016, 81 control charts
were prepared. All 41 control charts prepared in 2017 exhibit “in control” conditions.

A.5.2.4 Bivariate Plots

Bivariate plots are used in an Alternate Source Determination capacity to show that water quality
changes observed beneath the facility in HTW and GMA wells are not attributed to facility
performance. Sodium and total uranium were selected because this combination provides a good
distinction between LCS, LDS, and HTW. This combination was discovered during the Common
Ion Study (DOE 2008). Although the sodium—uranium bivariate plot for Cell 8 provides a
distinction between the LDS and HTW, the separation shown between the LDS and HTW is not
as distinct as it is for the other seven cells; therefore, a sulfate—uranium bivariate plot is also
provided for Cell 8. Other combinations may be added in the future, if deemed appropriate.

Bivariate plots for uranium—sodium are presented for each cell in Subattachments A.5.1 through
A.5.8. The bivariate plots illustrate the concentration signatures for total uranium and sodium in
each monitoring horizon. Distinct clustering of horizon concentrations indicates that the fluids in
the different horizons are not mixing. In response to an Ohio EPA comment on the Fernald
Preserve 2009 Site Environmental Report (DOE 2010) (Ohio EPA Comment Number 35) the
closest points between monitoring horizons are dated.

An additional bivariate plot for uranium—sulfate is presented for Cell 8 in Subattachment A.5.8.
The additional uranium—sulfate bivariate plot provides supporting information concerning the
water chemistry signatures that are present in the LDS and HTW of Cell 8, specifically, that they
are separate and distinct.

The bivariate plots for 2017 continue to support the interpretation that chemical signatures for
the different monitoring horizons are separate and distinct, indicating that mixing between the
horizons is not occurring; therefore, upward concentration trends measured beneath the cells

in 2017 (HTW and/or GMA wells) are attributed to fluctuating ambient concentrations beneath
the cell that are not related to cell performance.

In light of the water quality sampling challenges discussed earlier for the LDS (Section A.5.2.1),
DOE conducted an assessment to determine if the continued use of bivariate plots with data
from the LDS is still warranted. Assessment results indicated that bivariate plots continue to be
a valuable tool for assessing whether the monitoring zones are mixing (Geochemical
Consultants 2016).

A.5.2.5 Upward Concentration Trends in the HTW and GMA Wells
The HTW is located beneath the liner penetration box of each cell by design. This area of the

liner penetration box is considered to be potentially the weakest point in the cell design. If a leak
were to develop, it should be detected beneath the liner penetration box first. Therefore, the
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water quality in the HTW represents the first line of evidence that a potential leak from the cell
might be occurring. A leak would be indicated by an increasing concentration trend in the HTW.

GMA monitoring wells are positioned (and identified) for pre-aquifer-remediation flow
conditions defined in the Operable Unit 5 Remedial Investigation/Feasibility Study (OUS5 RI/FS)
Report. Water-level data reported in the OUS RI/FS Report indicate that prior to the start of
pumping for the groundwater remediation, groundwater flow directions in the vicinity of the
OSDF were generally from west to east.

Groundwater flow beneath the OSDF is currently being influenced by active pumping taking
place for the groundwater remediation southwest of the OSDF. Water beneath the OSDF is
generally moving in response to this pumping from northeast to southwest. When pumping for
the groundwater remedy stops, groundwater flow in the vicinity of the OSDF should once again
return to a direction that is generally from west to east. Upward trends are therefore being
tracked in all GMA wells at this time.

An increasing concentration trend in a GMA monitoring well could be attributed to a possible
leak from the OSDF. In addition, increasing concentration trends in the HTW or GMA wells
could also be caused by fluctuating ambient concentrations beneath the cells not connected to the
operation of the facility.

As presented in Subattachments A.5.1 through A.5.8, several parameter data sets have upward
concentration trends beneath the OSDF (i.e., HTW and GMA wells). Bivariate plots
(uranium—sodium and uranium—sulfate) indicate separate and distinct chemical signatures for the
LCS, LDS, and HTW of all eight cells. This indicates that water is not mixing from inside the
facility to outside the facility, leading to the conclusion that the facility is not leaking. Therefore,
concentration increases observed in the GMA wells are attributed to fluctuating ambient
concentrations beneath the cells, and not to cell performance. Additional information is provided
in Subattachments A.5.1 through A.5.8.

A.5.3 Cell Cap Inspections

OSDF cell cap inspections are conducted quarterly. Quarterly inspection includes the toe of the
side slopes, the drainage features around the base of the cell cap, and the fence line. A complete
inspection of the cell cap is conducted annually. The inspection team typically includes
representatives from Ohio EPA, Ohio Department of Health, and the site contractor. Issues
identified during inspections typically include small erosion rills, rocks that surface as topsoil
settles, animal burrows and digging, small areas that require reseeding, and the presence of
woody vegetation, thistle, or other noxious species.

The issues are addressed as follows:
o Erosion rills are repaired if they exceed 3 inches wide by 6 inches deep.

e Rocks that surface are removed, especially if they will interfere with mowing activities or
may be a source location for erosion.

e Animal burrows and holes are filled in and reseeded, if necessary.
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e Areas that require reseeding are seeded and covered with jute matting to help prevent
erosion of the seed.

e Woody vegetation is removed, and herbicide is applied to noxious weeds.

Following each inspection, a report is submitted to the agencies, documenting the inspection and
issues and stating how issues will be addressed. These reports are available to the public on the
Fernald Preserve website https://www.Im.doe.gov/fernald/sites.aspx. In 2017, inspections were
conducted in March, June, September, and December. In 2017, there were no visual signs that
the integrity of the cap had been compromised in any way.

A.5.4 Summary of Overall Performance and Findings and Recommendations

Based on LCS and LDS flow data, engineered drainage features within the OSDF continue to
perform as designed. Separate and distinct chemical signatures for total uranium and sodium in
the LCS, LDS, and HTW of each cell (and total uranium and sulfate in Cell 8) indicate that
waters from the different horizons are not mixing, and therefore, it can be inferred that the
primary and secondary liners are not leaking. Water quality constituent concentration increases
noted in the HTW and GMA wells are attributed to fluctuating ambient concentrations beneath
the OSDF and not to OSDF performance.

Specific findings:

e Leachate volumes reported for 2017 only reflect measurements made from January 1, 2017,
through September 19, 2017, which is the time period when valves were open (allowing
leachate to drain from the facility) and not the entire year. From January 1 through
September 19, 2017, 93,316 gallons of leachate were collected and pumped to the CAWWT
backwash basin for subsequent treatment at the CAWWT. This is 23% lower than the
volume measured in 2016 (120,837 gallons). With valves closed for 103 days in 2017, the
reported 23% decrease between 2016 and 2017 compares a flow measured over 262 days
(2017) to a flow measured over 365 days (2016). In order to predict a more realistic volume
that might have been removed in 2017 had the valves not been closed, the power equation
reported in the 2016 Site Environmental Report (DOE 2017b) on Figure A.5-4
(v = 337,225x ***) was used. The formula predicts that had the valves not been closed for
103 days, approximately 116,600 gallons would have been the volume of leachate in 2017.
This would have been a decrease of 3.5 % from 2016 volumes. With valves also closed
during portions of 2018 to facilitate CAWWT construction, this approach to predicting a
volume from the 2016 regression curve formula will need to be used again in 2018. The
year 2019 will be the next year that an entire year’s worth of volume data may be collected
and actual annual volumes can be used to adjust the regression formula for long term trend
predictions.

e There was not enough water in the LDS of Cells 1, 2, 3, 5, and 7 during 2017 to collect a
water sample.

e The largest LDS maximum accumulation rate recorded in 2017 was 0.05 gpad in Cell 6,
approximately 0.25% of the initial response leakage rate of 20 gpad, and 2.5% of the
low-flow response leakage rate.

e LDS accumulation rates indicate that the liner systems are performing well within the
specification outlined in the approved cell design.
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e Quarterly apparent liner efficiencies were consistently greater than 99% for Cells 1
through 8 for the first three quarters of 2017. Due to a planned shutdown for CAWWT
construction, valves in the leachate lines in the OSDF were closed during the fourth quarter
of 2017; liner efficiencies were not calculated for the fourth quarter of 2017.

e Bivariate plots continue to illustrate that the water chemistries in the LCS, LDS, and HTW
of each cell are distinct and separate, indicating that waters from the different horizons are
not mixing. Therefore, upward concentration trends beneath the cells (i.e., HTWs and
GMA wells) are attributed to fluctuating ambient concentrations beneath the cell and not to
cell performance.

e In2017,41 data sets met the criteria for control Shewhart-CUSUM control charts. All of the
control charts exhibited “in control” conditions.

e In 2017, quarterly physical inspections of the OSDF revealed no visual signs that the
integrity of the OSDF cap had been compromised.
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Table A.5-1. OSDF Initiation and Completion Dates
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Sample Initiation per Waste Placement LDS Volume Cap Geomembrane Layer
Cell Horizon” Initiation Measurement Initiation” Completion® Cap Completiond
LCS: February 17, 1998 December 23, 1997 May 1999 August 17, 2001 December 20, 2001
LDS: February 18, 1998
HTW: October 30, 1997
GMA-U: March 31, 1997
GMA-D: March 31, 1997
LCS: November 23, 1998 November 12, 1998 May 1999 July 17,2003 November 12, 2003

LDS: December 14, 1998
HTW: June 29, 1998
GMA-U: June 30, 1997
GMA-D: June 25, 1997

LCS: October 13, 1999
LDS: August 26, 2002
HTW: July 28, 1998
GMA-U: August 24, 1998
GMA-D: August 24 1998

October 26, 1999

October 1999

July 16, 2004

September 20, 2004

LCS: November 4, 2002
LDS: November 4, 2002
HTW: February 26, 2002
GMA-U: November 6, 2001
GMA-D: November 5, 2001

November 08, 2002

November 2002

December 18, 2004

April 29, 2005

LCS: November 4, 2002
LDS: November 4, 2002
HTW: February 26, 2002
GMA-U: November 6, 2001
GMA-D: November 5, 2001

November 19, 2002

November 2002

June 22, 2005

August 29, 2005

110doy] [BIUSWIUOIIAUL IS / [T SAIISAIJ P[RUID,]

€1 95ed ¢V JudwyORNY
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LCS: October 27, 2003
LDS: October 27, 2003
HTW: March 14, 2003

GMA-U: December 16, 2002
GMA-D: December 16, 2002

November 18, 2003

January 2004

October 28, 2005

January 12, 2006



Table A.5-1 (continued). OSDF Initiation and Completion Dates

1 98ed ¢V yudWYIENY d
€86L1S ON "0(

Sample Initiation per Waste Placement LDS Volume Cap Geomembrane Layer
Cell Horizon" Initiation Measurement Initiation” Completion® Cap Completion®
7 LCS: September 2, 2004 September 9, 2004 September 2004 July 2006 October 25, 2006

LDS: September 2, 2004
HTW: February 24, 2004
GMA-U: January 21, 2004
GMA-D: January 21, 2004

110doYy [BIUSWIUOIIAUS] OUS [ [(7 SAIISIIJ P[RUID,]

8 LCS: October 18, 2004 December 2, 2004 December 2004 September 24, 2006 October 25, 2006
LDS: October 18, 2004
HTW: May 19, 2004
GMA-U: March 31, 2004
GMA-D: March 31, 2004
GMA-SW: August 22, 2005
GMA-SE: August 22, 2005

AS1oug jo yuoumredoq ‘SN

810T AeN

’LCS = leachate collection system; LDS = leak detection system; HTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer;
GMA-D = downgradient Great Miami Aquifer; GMA-SW = southwest Great Miami Aquifer; and GMA-SE = southeast Great Miami Aquifer
"Prior to 1999, overall LDS volumes were measured. From 1999 on, LDS volumes were measured by cell.

“The cap geomembrane layer is made of high density polyethylene.

dCap completion includes seeding.
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Table A.5-2. Rules for Summary Statistics for Cells 1 Through 8

No. of Detected Total No. of Percent of Standard
Rules Samples Samples Detects Minimum **  Maximum®® Average Deviation Distribution Type Trend Serial Correlation Outliers
Include outliers Yes Yes Yes No No No No No No No
Only one result Yes Yes Yes report "NA" report value report "Insufficient"  report "Insufficient" report "Insufficient" report "Insufficient" report "Insufficient"
Only two results Yes Yes Yes report value  report value report "Insufficient"  report "Insufficient" report "Insufficient” report "Insufficient" report "Insufficient”
All non-detects Yes Yes Yes report "ND" report "NA" report "Insufficient”  report "Insufficient" report "Insufficient" report "Insufficient" report "Insufficient"
Need 3 detections Need 4 detections Need at least 3 Need at least 4 Need at least 6 samples  Need at least 4
otherwise report otherwise report ~ samples to report detects to report to report serial samples to report
Other rules "Insuff" "Insuff" distriburtion trend correlation outliers

If distribution is
"Lognormal," substitute
Other rules "LogMean"

If distribution is
"Undefined," substitute
Other rules "Median"

“NA=not applicable; ND=not detected
oI reported value is a nondetected result, report ND.
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